Introduction
Several members of the TNF receptor (TNF-R) superfamily play critical roles in humoral immunity by regulating responses of activated B cells. Stimulation of B cells through CD40 is necessary for development of germinal centers, induction of Ig isotype switching, and generation of B cell memory (1, 2) . Similarly, signals received through CD27 (3), OX40 (4) , and TNF-R1 (5) promote human B cell survival, proliferation, and Ig secretion, while CD40-induced B cell activation can be antagonized by CD95 (6) and CD30 (7, 8) . Recently, B cell-activating factor belonging to the TNF family (BAFF; also known as BLyS, expression is restricted to B cells (13, 26, 31) . The contributions of interactions between BAFF and these different receptors to B cell biology appear distinct, however. In BCMA-null mice, no gross affect on B cell development or antigen-specific (Ag-specific) immune responses has been observed (14, 15, 32) . In contrast, mature B cells accumulate in TACI-deficient mice, suggesting TACI may negatively regulate B cell development (33) . Lastly, mice expressing a naturally mutated form of BAFF-R (the A/WySnJ strain) exhibit developmental abnormalities in the B lineage comparable to those found in BAFF-deficient mice (26, 27, 34) . This raised the notion that the BAFF/BAFF-R interaction is primarily responsible for peripheral B cell survival and development.
While an enormous amount of information regarding the role of BAFF in the developmental pathway of murine B cells has been generated, the effect of BAFF on human B cells and their differentiation remains to be explored. This is particularly important given the potential role BAFF has in the development of human autoimmune diseases (24) . By examining the differentiation of human splenic B cells in vitro, we found that BAFF specifically promoted the generation of rapidly-dividing Ig-secreting cells (ISCs) (plasmablasts) from activated memory B cells by enhancing their survival. Consequently, large numbers of effector B cells appeared in cultures containing BAFF. Thus, elevated levels of serum BAFF may contribute to human autoimmune diseases not only by breaking tolerance during B cell development, but also by enhancing plasmablast survival.
Methods
Reagents. The following Ab's were used: biotinylated antihuman IgM, IgD, IgG, IgA, IgE, anti-hamster IgG, phycoerythrin-anti-CD27 (PE-anti-CD27), FITC, PE-isotype control mAb, rabbit polyclonal anti-active caspase-3 antisera (PharMingen, San Diego, California, USA); FITCanti-CD20, CD27, and PE-anti-CD19 (Becton Dickinson Immunocytometry Systems, San Jose, California, USA). PE-and biotinylated anti-CD38, PE-anti-CD20, biotinylated isotype control mAb, and streptavidin-tricolor (SA-TC; Caltag Laboratories Inc., Burlingame, California, USA); PE-anti-Ki67 (DAKO Australia, Botany, Australia); and PE-conjugated goat polyclonal anti-mouse IgG1 antiserum (Southern Biotechnology Associates, Birmingham, Alabama, USA). Mouse anti-human BAFF-R (clone 9.1), anti-human TACI (clone C4D7), and hamster anti-human BCMA (clone C4E2.2) mAb's were generated by immunizing with receptor-Fc fusion proteins. Soluble myc-BAFF (26) and anti-TACI mAb were biotinylated according to established procedures. To produce a soluble APRIL expression construct, the APRIL gene was amplified from C57BL/6 genomic DNA and ligated to form a cDNA sequence encoding amino acids 105-240 and a 5′ XhoI site. This fragment was ligated into a modified pcDNA3 vector (Invitrogen Corp., Carlsbad, California, USA) carrying an XhoI site immediately 3′ of an open reading frame encoding an N-terminal secretory signal and FLAG tag. The resulting plasmid was transiently transfected into CHO cells, and supernatant was collected 3 days later. FLAG-APRIL was purified using an anti-FLAG-agarose column (Sigma-Aldrich, St. Louis, Missouri, USA). Purified FLAG-APRIL bound BCMA and TACI, but not BAFF-R (not shown). Recombinant human CD40L was provided by Marilyn Kehry (Boehringer Ingelheim, Ridgefield, Connecticut, USA). IL-2 was purchased from Endogen Inc. (Woburn, Massachusetts, USA); IL-10 was provided by Rene de Waal Malefyt (DNAX Research Institute, Palo Alto, California, USA); and 5-(and 6)-carboxyfluorescein diacetate succinimidyl ester (CFSE) was purchased from Molecular Probes Inc. (Eugene, Oregon, USA).
Cells. Total human B cells (>98% CD19 + ) were isolated from normal spleens as previously described (35, 36) . Naive and memory B cells were isolated by sorting on a FACStar (Becton Dickinson Immunocytometry Systems) following labeling with FITC-anti-CD20 and PE-anti-CD27 mAb's and collecting CD27 -CD20 + and CD27 + CD20 + B cells, respectively (37) . To isolate IgMexpressing (nonswitched) and isotype-switched memory B cells, total B cells were labeled with anti-CD27 mAb and a cocktail of mAb specific for IgG, IgA, and IgE (IgG/A/E) or IgM and IgD (IgM/D), followed by SA-TC (38) . Bone marrow (BM) aspirates from normal donors were obtained from the Department of Haematology, Royal Prince Alfred Hospital, Sydney, Australia.
CFSE labeling and B cell cultures. To investigate cell survival, B cells were cultured in media alone or in the presence of BAFF (2.5 µg/ml) or CD40L (1:250 dilution of the membrane preparation). At different times, a known number of CaliBRITE beads (Becton Dickinson Immunocytometry Systems) were added to culture wells prior to harvesting, and the number of viable B cells were calculated as a function of the ratio of beads to live cells (39) . To examine the effect of BAFF on B cell differentiation, memory B cells were labeled with CFSE (39) and cultured in 48-well plates (4 × 10 5 /ml; Becton Dickinson Labware, Franklin Lakes, New Jersey, USA) for 4 days with CD40L, IL-2 (50 U/ml), and IL-10 (100 U/ml). The cells were harvested, washed, and recultured (approximately 2 × 10 5 /ml) with or without IL-2/IL-10 in the absence or presence of CD40L or BAFF (2.5 µg/ml) for an additional 4 days (36, 40) . Primary plasma cells were purified from spleen and BM by sorting CD38 ++ CD20 +/-cells (41) and then cultured (approximately 5 × 10 3 /well) in round-bottomed 96-well plates for 4-5 days. All cultures were performed as described previously (36) .
Immunofluorescent staining. For phenotypic analysis, cells were incubated on ice with specific or the appropriate isotype control mAb and analyzed on a FACScalibur using CellQuest software (Becton Dickinson Immunocytometry Systems). To determine expression of BAFF-Rs on different B cell populations, splenic B cells or BM mononuclear cells were incubated with either mouse anti-human BAFF-R mAb followed by PE-goat anti-mouse IgG1-PE Ab, hamster anti-human BCMA mAb followed by biotinylated anti-hamster Ig mAb, biotinylated BAFF or biotinylated anti-human TACI mAb, and then SA-TC.
Unoccupied binding sites of the secondary Ab were blocked with mouse IgG1, and the cells were incubated with FITC-or PE-anti-CD27 mAb, FITC-anti-CD20 mAb, or PE-or biotinylated anti-CD38 mAb followed by SA-TC. Binding of BAFF to and expression of BAFF-R, BCMA, and TACI on different B cell populations were determined by gating on CD27 -(naive) or CD27 + (memory) B cells (37), or CD38 -or CD38 + B cells present in in vitro cultures (36, 38, 40) . Expression of Ki67 and active caspase-3 were used to assess cell proliferation (2) and apoptosis (42), respectively, as described previously (36) . To assess expression of caspase-3, cells present in both the live and dead populations, defined by scatter plots, were analyzed. According to the manufacturer, the anti-active caspase-3 Ab detects the same frequency of apoptotic cells as the annexin V binding assay (Pharmingen).
Analysis of Ig secretion. Secretion of IgM, IgG, and IgA was performed using Ig heavy chain-specific ELISA and enzyme-linked immunosorbent spot (ELISPOT) assays as described previously (36) .
Statistical analysis. Data were analyzed by ANOVA using Prism software (GraphPad Software for Science Inc., San Diego, California, USA). (Figure 1a ). An assessment of expression of the currently identified BAFF-Rs -BAFF-R, TACI, and BCMA -revealed BAFF-R was highly expressed on human splenic B cells (Figure 1b BAFF promotes survival of human memory B cells but does not induce proliferation. BAFF can prevent apoptosis of murine B cells (22, 23) . To extend these studies, human splenic B cells were cultured for 4 days in media alone or with recombinant human BAFF. Under these conditions, BAFF increased cell viability twofold to threefold, as defined by cell recovery at the end of the culture period, compared with unstimulated cultures ( Figure  2, a and b) . When the effect of BAFF on B cell subsets defined by differential expression of CD27 (37) was examined, BAFF consistently promoted survival of memory cells (2.0-± 0.15-fold increase in cell recovery over unstimulated cultures; mean ± SD, n = 3), while its effect on naive B cells was variable (1.4-± 0.4-fold increase; Figure 2b ). In contrast, CD40L, a well-known survival factor for human B cells (1, 2) , equally enhanced survival of naive and memory B cells (10.7-and 7.4-fold increase, respectively, n = 3; Figure 2b ).
Results

Expression of BAFF-Rs on human B cells. Human splenic B cells bound soluble BAFF
The effect of BAFF on proliferation was examined by culturing CFSE-labeled memory B cells for 5 days and then determining the proportion of divided cells (39) . Approximately 95% of unstimulated memory B cells remained undivided during this period (i.e., division 0; Figure 2c ). In the presence of CD40L, approximately 40% of harvested memory B cells were detected in divisions 1-5 ( Figure 2c ). In contrast, the distribution of memory B cells across divisions in BAFF-treated cultures was similar to that in unstimulated cultures, demonstrating that although BAFF enhanced survival of memory B cells, it did not induce their proliferation (Figure 2c) .
BAFF increases recovery of human memory B cells preactivated with CD40L and IL-2/IL-10. The ability of some factors to influence B cell responses changes with the activation state of the cells. For instance, resting human B cells respond poorly to stimulation with anti-Ig and IL-4; however, activation with anti-Ig Ab prior to exposure to IL-4 resulted in robust proliferation (43) . Similarly, IL-10 can either enhance viability or induce apoptosis of human B cells depending on the time at which activated B cells were exposed to IL-10 (44). Furthermore, although ligation of CD27 by CD70 has minimal effect on proliferation of resting B cells (8) , culturing activated B cells with CD70-expressing transfectants increased Ig production and the generation of CD38 + plasmablasts in vitro (3). For these reasons, the effect of BAFF on survival of memory B cells preactivated in vitro was examined.
Purified memory cells were first induced to proliferate and differentiate with CD40L and IL-2/IL-10 (40) for 4 days before being washed and recultured for a further 4 days under varying conditions (Figure 3a) . These secondary cultures compared the effect of CD40L or BAFF to cultures containing medium only or IL-2/IL-10 (Figure 3a) . More than 75% of B cell blasts died during secondary culture when exposed to media alone, while eightfold more cells were recovered if CD40L was included (Figure 3b) . Similarly, BAFF increased cell recovery, BAFF preferentially promotes survival of differentiated CD38 + B cells. When human memory B cells are cultured with CD40L and IL-2/IL-10, a population of CD38 + B cells is generated whose proliferation and survival, in contrast to the CD38 -population, becomes independent of further stimulation from CD40L (36) . This CD38 + population includes rapidly dividing ISCs (36, 38) that resemble plasmablasts (45) , while the CD38 -population contains some ISCs but predominantly nondifferentiated B blasts (36, 38) . It was therefore of interest to compare the effect of CD40L and BAFF on the generation of these populations of differentiated B cells. The proportion of CD38 + B cells present in the total B cell population recovered from secondary cultures containing BAFF or CD40L showed a marked difference, with a greater percentage being found in the presence of BAFF ( Figure 3 , c and f). This effect was specific for BAFF because it was abrogated when cultures were performed in the presence of soluble TACI-Ig. Notably, although the overall number of B cells in cultures containing only CD40L exceeded that containing BAFF alone twofold (Figure 3b ), a similar number of CD38 + cells was generated in both of these cultures, and this number exceeded that in unstimulated cultures fivefold (Figure 3d ). In cultures containing IL-2/IL-10, 30-fold more CD38 + B cells were generated than in cultures performed in medium alone (compare Figures 3, d and g ). Strikingly, the number of CD38 + B cells was significantly increased (fourfold) in the presence of BAFF compared with IL-2/IL-10 alone (Figure 3g ). In contrast to its effect on CD38 + B cells, BAFF had no significant impact on the number of CD38 -B cells present in the secondary cultures, irrespective of whether IL-2/ IL-10 were present or not, while CD40L significantly increased the number of these cells fivefold to tenfold independently of the cytokines ( Figure 3, d and g ). Thus, in the presence of IL-2/IL-10, CD40L and BAFF appear to have distinct roles in expanding or maintaining CD38 -and CD38 + B cells, respectively.
BAFF and CD40L specifically affect the behavior of different populations of activated B cells. In an earlier study, we reported that the generation of CD38 + B cells from activated memory B cells increased in frequency with successive cell divisions (36) . The distinct roles of CD40L and BAFF in promoting the persistence of CD38 -and CD38 + B cells, respectively, may have been due to a combination of effects on survival, proliferation, or differentiation rate per division. We first examined this in more detail by following the fate of cells with different division histories using CFSE (39) CD38 + (population 3), while population 2 was least represented (Figure 4a ). In contrast, CD38 -B cells present in later divisions (population 2) dominated cultures containing CD40L and IL-2/IL-10 ( Figure  4b ). Supplementing cultures with BAFF and IL-2/IL-10 significantly increased population 3 at the expense of population 1, yet had little effect on the relative proportion of population 2 ( Figure 4c ). Assessment of absolute numbers, rather than proportions, of cells clearly revealed that CD40L and IL-2/IL-10 potently expanded population 2 B cells (13-fold more compared with cytokines alone), while the greatest effect of BAFF was to increase the number of population 3 (CD38 + ) B cells (Figure 4d ). Thus, CD40L maintains the pool of CD38 -B blasts, while BAFF favors generation of the CD38 + population, which contains ISCs.
Proliferative and antiapoptotic effects of CD40L and BAFF on CD38 + and CD38 -B cells. The results described above raised the question of the mechanisms responsible for the differential effects of BAFF and CD40L on CD38 + and CD38 -B cells. To answer this, the division history of these populations during primary culture with CD40L and IL-2/IL-10 was compared with that of cells recovered from the different secondary cultures. After 4 days of primary culture with CD40L and IL-2/IL-10, only approximately 10% of CD38 -B cells present remained undivided while the remainder were distributed across divisions 1-6 (Figure 5a ; bold line). Following secondary culture with IL-2/IL-10 alone or with BAFF, the division profile of CD38 -B cells was similar to that of cells following primary culture (Figure 5a ). In the presence of CD40L and IL-2/IL-10, however, CD38 -B cells continued to proliferate as indicated by a marked reduction in the proportion of undivided cells, with the majority of them residing in division 5 (Figure 5a ).
When the division history of CD38 + B cells was examined after primary culture, cells were detected in divisions 3-7 ( Figure 5b , bold line). In contrast to CD38 -B cells, CD38 + B cells exhibited a proliferative burst on reculture with IL-2/IL-10, which was unaffected by the addition of CD40L or BAFF (Figure 5b ). This suggested BAFF may increase the recovery of CD38 + B cells by improving cell survival. To investigate this possibility, the proportion of apoptotic cells was quantitated by determining expression of active caspase-3 (42) in populations 2 and 3 using an anti-active caspase-3-specific mAb. To demonstrate the specificity of this reagent, the human B cell line Ramos was cultured overnight in the absence of serum to induce apoptosis, after which expression of active caspase-3 was determined by intracellular staining. Analyzing all cells revealed that 40% expressed active caspase-3 ( Figure 5c , thin line). The frequency of active caspase-3 + cells was reduced to less than 2% and increased to more than 95% when only cells present in the live and dead cell gates, respectively, as assessed by light-scatter characteristics, were analyzed (Figure 5c ; live, dotted line; dead, bold line). Based on this result,
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The all B cells present in the secondary culture (i.e., live and dead) were included in the analysis. In the presence of IL-2/IL-10, more than 80% of all population 2 and approximately 70% of population 3 (CD38 + ) B cells expressed active caspase-3 ( Figure 5d ). CD40L significantly reduced the level of apoptosis in CD38 -B cells to less than 35%; it also increased survival of CD38 + B cells, although this varied for cells in different experiments (Figure 5d ). By contrast, BAFF significantly improved survival of CD38 + B cells, but exerted only a modest effect on CD38 -B cells (Figure 5d ). Taken together, these data suggest BAFF is a survival factor for CD38 + B cells only, while CD40L increases survival of CD38 -, and occasionally CD38 + , B cells. BAFF increases the generation of ISCs. The above experiments revealed BAFF preferentially enhanced survival of CD38 + plasmablasts generated in vitro. The next step was to determine whether the enhancing effect of BAFF on survival of CD38 + B cells led to increased Ig secretion. Reculture with media alone resulted in production of IgM, IgG, and IgA (Figure 6a) , the levels of which could be increased five-to tenfold by IL-2/IL-10 ( Figure 6b ). Addition of BAFF increased Ig production by B cells recultured in the absence and presence of IL-2/IL-10, as did CD40L (Figure 6, a and b) . BAFF was shown to cause significant increases in IgM and IgA production compared with secondary cultures performed with media or IL-2/IL-10 alone, whereas CD40L significantly increased production of IgA in media-only cultures and IgM in IL-2/IL-10 cultures. In contrast, neither of them led to a significant increase in IgG secretion. This effect on Ig production was specific for BAFF because the amount of IgA produced in secondary cultures containing BAFF and IL-2/IL-10 was reduced in the presence of soluble TACI-Ig to levels observed in cultures containing IL-2/IL-10 only, while IgA production induced by IL-2/IL-10, with or without CD40L, was unaffected (Figure 6c) .
It was next determined whether the increased production of Ig observed in the presence of BAFF reflected an increase in the number of ISCs or an increase in the amount of Ig produced per cell. For these experiments, preactivated memory B cells were recultured with IL-2/IL-10 alone or in the presence of BAFF for an additional 3 days. ELISPOT assays were then performed on the whole population of viable cells. The proportion of ISCs was increased from 32.8% in the presence of IL-2/IL-10 to 45.4% in the presence of BAFF and IL-2/ IL-10. Importantly, the absolute number of ISCs in secondary cultures containing BAFF and IL-2/IL-10 was increased more than twofold compared with cultures containing only the cytokines (Figure 6d were isolated and then cultured according to the scheme illustrated in Figure 3a . Reculture with IL-2/IL-10 alone resulted in production of low but detectable amounts of IgA from IgM-expressing memory B cells (Figure 6e ), while substantially more IgA was produced by switched IgG/A/E + memory B cells (Figure 6f ). Addition of CD40L caused an approximately twofold increase in IgA production by both populations of B cells ( Figure 6 , e and f). BAFF led to a much greater increase in IgA production by switched memory B cells (Figure 6f ), however. Thus, the majority of IgA secreted by total memory B cells in response to BAFF stimulation is likely to be derived from isotype-switched memory B cells. Our previous studies demonstrated that ISCs were present in both the CD38 -and CD38 + populations of divided B cells (populations 2 and 3; ref. 36) . Thus, the effect of BAFF on Ig secretion by these different subsets was examined by sort-purifying B cells corresponding to populations 2 and 3 and reculturing them for an additional 2 days with IL-2/IL-10 in the absence or presence of CD40L or BAFF. Although the amount of IgA produced by CD38 -B cells was unaffected by either CD40L or BAFF (Figure 6g) , secretion by CD38 + B cells was consistently augmented by BAFF (1.53-fold ± 0.07-fold increase, n = 3; Figure 6g ). The differential sensitivity of CD38 -and CD38 + ISCs to BAFF resulted in secretion of up to four times more IgA by CD38 + B cells compared with CD38 -B cells (Figure 6g) . Thus, although CD38 -and CD38 + B cells both produced IgA, BAFF appeared to specifically enhance the function of ISCs within the CD38 + population.
Activated B cells alter expression of BAFF-Rs during differentiation to CD38 + B cells. Expression of BAFF-R, TACI, and BCMA by activated B cells was investigated next to determine whether the selective sensitivity of CD38 -and CD38 + B cells to BAFF resulted from differential expression of the various BAFF-Rs. Due to the disparate sensitivity to CD40L exhibited by these cells for their continued expansion and survival ( Figure 5 ), expression of CD40 was also determined. For this analysis, cultures of activated B cells were divided into populations 1, 2, and 3 (see Figure 4) . BAFF was shown to bind all three populations, although binding to population 3 was reduced relative to populations 1 and 2 ( Figure 7a ). The
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The increased the number of CD38 + B cells and secretion of IgA by threefold (Figure 8, a and b) , as well as the proportion of CD38 + B cells (population 3) by 25-40%. These data therefore suggest BCMA induced on CD38 + B cells is functional and is responsible for mediating BAFFinduced survival of ISCs rather than residual BAFF-R.
Function of BAFF-Rs on in vivo-generated ISCs.
The ability of BAFF to increase Ig secretion by CD38 + B cells generated in vitro suggested it may have a similar role on primary plasma cells. The high rate of proliferation of in vitro-generated CD38 + B cells indicated these cells resembled plasmablasts, however, rather than terminally differentiated nondividing plasma cells ( Figure 5 ) (36, 38) . To identify the developmental stage at which BAFF may act to increase Ig secretion in vivo, primary CD38 ++ CD20 +/-cells at distinct stages of differentiation were used (Table 1) . In experiment 1, the splenic CD38 ++ CD20 +/-population contained predominantly plasmablasts, as revealed by expression of the proliferation-associated antigen Ki67 by more than 90% of these cells, while the same subset of cells derived from another spleen (experiment 2) or BM (experiment 3) was more akin to terminally differentiated plasma cells (<1% Ki67 + , Table 1 ). Total CD38 ++ CD20 +/-cells secreted detectable amounts of IgM, IgG, and IgA in the presence of IL-2/IL-10 (Table 1) . Following addition of BAFF to plasmablasts, Ig secretion was increased approximately twofold, compared with cultures containing cytokines alone ( Table 1 , experiment 1). BAFF exerted relatively little effect on Ig secretion by fully differentiated plasma cells (Table 1, experiments 2 and 3) , however. Interestingly, plasmablasts tested in experiment 1 exhibited higher levels of expression of BCMA than plasma cells from the other donors, while expression of BAFF-R on all CD38 ++ CD20 +/-B cells was extinguished (data not shown). Thus, the data derived from examining Ig secretion by in vitro-generated and in vivo-derived CD38 ++ CD20 +/-B cells suggest the effect of BAFF is restricted to plasmablasts, which retain the capacity to divide, rather than terminally differentiated nondividing plasma cells.
Discussion
BAFF has emerged as a major regulator of murine B cell homeostasis (24) . Our results extend the knowledge of BAFF not only to its functions in the later stages of B cell differentiation, but also to humans. BAFF was found to improve survival of human memory B cells in vitro without inducing cell division, consistent with its antiapoptotic and nonmitogenic effects reported previously for murine B cells (22, 23) . The ability of BAFF to increase survival was particularly apparent in cultures of memory
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The (16, 46) , BAFF may mediate its viabilityenhancing effect on human CD38 + B cells by modulating expression of pro-and antiapoptotic genes other than Bcl-2, such as Bcl-x, A1 (23), or Blk (47) . BAFF also increased the levels of IgM and IgA, but not IgG, by increasing the number of ISCs generated. This is remarkably consistent with the findings that mice either transgenic for BAFF or injected with BAFF contained significantly increased levels of serum IgM and IgA, but not IgG (10, 17, 23) , confirming the validity of our in vitro system for examining B cell differentiation. Furthermore, these in vivo and in vitro observations point to the existence of a novel factor that can augment production of IgG by activated mouse and human B cells. The effect of BAFF on human B cells appeared to be mediated by directly stimulating CD38 + ISCs derived from isotype-switched memory cells, rather than inducing Ig isotype switching by IgM + memory B cells, as recently proposed for naive B cells (48) . Thus, BAFF may be involved in mucosal immune responses characterized by production of high levels of IgA and IgM. Furthermore, the exaggerated humoral immune responses observed in mice administered BAFF may result from specific enhancement of plasmablast survival in vivo (10, 23) . Consequently, BAFF may be a therapeutic candidate for treating patients with IgA deficiency in whom B cells are present but fail to secrete IgA (49, 50) . Since this defect can be partially overcome in vitro by , it is possible that BAFF and IL-10 might completely restore IgA production in these patients. Furthermore, in human autoimmune diseases, elevated levels of serum BAFF may contribute to the disease not only by breaking tolerance during B cell development (24) , but by enhancing survival of plasmablasts in the affected tissues as well.
During differentiation of memory B cells to CD38 + effector cells, expression of some surface receptors altered. Strikingly, CD40 and BAFF-R were downregulated, while BCMA was induced. Downregulation of CD40 on CD38 + ISCs is consistent with previous studies demonstrating reduced expression of CD40 on plasma cells compared with mature B cells (51) . Similarly, the reduced expression of BAFF-R on CD38 + ISCs resembled the loss of expression of BAFF-R from primary human CD38 ++ CD20 +/-ISCs (data not shown). Our observation that BCMA was weakly expressed on in vitro-derived CD38 + plasmablasts is consistent with earlier reports demonstrating BCMA to be absent or only weakly expressed on pre-B and mature B cell lines, yet present at highest levels on myeloma cell lines (31) . Importantly, our data confirm recent studies demonstrating CD38 + plasmablasts generated in vitro from human memory B cells in a manner similar to our cultures (52) express significantly higher levels of BCMA than resting mature B cells. Thus, although BCMA was originally reported to be localized intracellularly (31) , our data, together with gene expression studies (52) and studies demonstrating that BCMA can be weakly expressed on the surface of tonsil B cells (13) and stably transfected 293T cells (13, 28) , suggest BCMA can indeed be expressed as a transmembrane receptor. The reduction in the level of CD40 on in vitro-generated CD38 + B cells provides an explanation for the loss of dependence on CD40L for the continued growth and survival of these cells (36) . This loss of CD40L dependency may be compensated by the acquisition of BCMA through which BAFF could elicit downstream signaling pathways independently of BAFF-R (23, 25, 28, 29) . Moreover, experiments investigating the effect of the BAFF homologue APRIL lent additional support for a role for BCMA, rather than BAFF-R, in maintaining survival of CD38 + ISCs. The observation that population 2 expresses higher levels of BAFF-R than population 3, yet is only minimally affected by BAFF, is further evidence that BCMA may mediate BAFF signaling on CD38 + B cells. The possibility, however, that APRIL may exert its effect through a non-BAFF binding-specific receptor cannot be excluded (24) . Taken together, these findings point to the possible occurrence of a developmental switch during B cell differentiation whereby BAFF exerts its antiapoptotic effect through distinct counter-receptors. Our data suggest that a more detailed analysis of BCMA-deficient mice may reveal a function for this receptor in the effector phase of a humoral immune response. It has been clearly demonstrated that BCMA is dispensable for B cell development (14, 15, 32) , because BAFF-R is the predominant receptor that delivers survival signals to B cells during ontogeny. None of these studies, however, examined the development of ISCs or plasma cells in BCMA-deficient mice (14, 15, 32) . The one study that did examine a T cell-dependent immune response measured the levels of Ag-specific serum IgG1 and found the levels in BCMA -/-mice did not differ significantly from wild-type controls (32) . This is perhaps not surprising because the serum level of IgG1 is least affected in BAFF transgenic mice (less than twofold increase). On the other hand, IgA was increased more than 100-fold (17) . Taken with our data demonstrating BAFF resulted in increased levels of IgA but not IgG, it is possible that an immune defect against an Ag that induces an IgA response may be affected in BCMA-deficient mice. Alternatively, because the affinity of interaction between BAFF and human BCMA is much greater than that between BAFF and mouse BCMA (15) , this receptor may have a distinct function in human B cell differentiation compared with the murine system.
When the effect of BAFF on primary CD38 ++ CD20 +/-B cells was examined, it was found to increase the level of Ig secreted in vitro by plasmablasts but not plasma cells. Thus, BAFF may preferentially contribute to the survival of plasmablasts generated in secondary lymphoid tissues as opposed to terminally differentiated plasma cells. This is reminiscent of a recent study demonstrating the important contribution of BAFF to the survival and subsequent persistence of Ag-specific plasmablasts generated from marginal zone B cells within the murine spleen (46) , again highlighting the similarities between data obtained from our in vitro culture system and in vivo models of B cell differentiation. Because human memory B cells localize to the splenic marginal zone (37, 53) , a similar mechanism may promote the viability of ISCs rapidly generated from human marginal zone/memory B cells following encounters with blood-borne antigens. As plasmablasts undergo further maturation and migration from lymphoid areas to red pulp of spleen and BM, factors such as cytokines and stromal cells located in these areas (54) may substitute for BAFF as a source of survival signals.
BAFF is secreted by monocytes, macrophages, and DCs, and the amount produced is increased by CD40L or IL-10 (46, 48, 55, 56) , both of which are required for the generation of CD38 + B cells from human memory B cells in vitro (36) . In vivo, DCs and CD40L-expressing CD4 + memory T cells localize to the outer zone of germinal centers (57, 58) , where high-affinity Ag-specific B cells undergo selection and differentiation into memory cells or plasma cells (2) . Thus, BAFF and IL-10 produced by DCs following interaction with CD40L + T cells may act in concert to facilitate survival and expansion of Ag-specific plasmablasts. The production of IL-10 in such a microenvironment may not only facilitate the generation of CD38 + B cells from memory B cells (36) , but also increase the concentration of secreted BAFF (55, 56) , resulting in increased persistence of CD38 + ISCs. Moreover, it has recently been reported that BAFF can induce IL-10 secretion by a human B cell line (59) , suggesting an additional mechanism whereby BAFF may promote survival of activated human B cells in the presence of autocrine IL-10.
Our data have shed light on a possible mechanism for the development, as well as treatment, of some human autoimmune diseases. Patients with SLE exhibit elevated serum levels not only of BAFF (19) (20) (21) , but also IL-10 aberrantly produced by B cells and monocytes (60) . Because IL-10 has been found to be a potent inducer of BAFF production by human myeloid cells (55, 56) , it is possible that elevated levels of serum BAFF in SLE are secondary to the elevated levels of serum IL-10 in these patients. Thus, the combined effect of BAFF and IL-10 on the survival of ISCs in vitro may be recapitulated in vivo in the pathogenesis of some B cell-mediated autoimmune diseases. Consequently, targeting IL-10 (60) in addition to BAFF may have therapeutic benefit for the outcome of SLE, rheumatoid arthritis, and Sjögren's syndrome. In conclusion, our results describing BAFF as a novel survival factor for human differentiated ISCs have wideranging implications for the treatment of human immunodeficiencies as well as autoimmune diseases.
